Abstract. The metabolism of arginine iby etiolated pumpkin (Cucurbita mnoschata) seedlings was studied over various time and age intervals by injecting arginine-U-14C into the cotyledons. At most, 25 % of the 14C was transported from the cotyledon to the axis tissue and the amount of this transport decreased with increasing age of the seedlings. 
During germination of a seed, an extenisive breakdown of protein reserves occurs with a concomitant increase in amino acids. These amino acids provide nitrogen to synthesize new proteins and nucleic acids. Folkes and Yemm (8) have concluded that the major losses of glutamate, asparagine and prolinie in germinatinig barley could be accounted for in chlorophyll, other amino acids and other bases. However, although many amino acids were deficient in maize roots, these deficiences were not removed by other amino acids (14) and extensive conversions of the carbon from glutamate or leucine into those amino acids which were limiting did not occur (16) .
Rather the amino acid carbon was used in respiration or used directly in protein synthesis.
The reserve protein of pumpkin as in most dicotyledonous plants (4) and some trees (20) is characterized by a high arginine content (16 %) and this amino acid is released during germination (17) . Boulter and Barber (5) have shown that arginine was rapidly transformed into proline and glutamate in Vicia faba and Kasting and Delwiche (10) , using watermelon seedlings, showed that arginine was a precursor of ornithine cycle intermediates.
During germination. when pumpkin seedlings release considerable quantities of arginine, it may be expected that this amino acid would undergo extensive metabolic transformations if it were in excess of that required for protein synthesis. The 
Results
Following a 6 hr incubation with arginine-U-14C. it was found that label was transported froml the cotyledon-s to the axis tissue and that transpolrt of this material from the cotvledon decreased (Ias germ11i-nation progressed in: the dark (Fig. 1) . Tlhus dturinig a 6-hr l)eriodl, 17 seedlings, the bulk of the 14C in the organic acid fraction was found in ca-ketoglutarate. The label in a-ketoglutarate then declined while the label in malate increased until 25 day old seedlings contained nearly twice as much 14C in malate as a-ketoglutarate. Citrate and succinate were also labeled in the cotyledons.
In the amino acid fraction from the cotyledons (table I), the bulk of the radioactivity was found in arginine with some 14C in ornithine, glutamate, aspartate and neutral amino acids. The transformation of arginine into ornithine and glutamate appeared to occur readily. The label remaining in arginine increased with germination time. and 25 day old cotyledons contained 60 % of the administered 14C as unmetabolized arginine.
The tran,sformations occurring in the cotvledon differed from those occurring in the axis. The bulk of the lalbel in the organic acid fraction of the axis tissue was in malate at all germination times (table  II) , whereas in the cotyledons, as inverse relationship between malate and a-ketoglutarate existed. Labeled citrate was not detected in the axis tissue.
Although significant amounts of 14C were found in the neutral amino acids and ornithine in the cotyledons, the axis tissue contained only traces of label in ornithine and there were indications that glutamate was converted to homoserine and y-aminobutrvic acid. The total amount of label in all the individual amino acids in the axis tissue declined with germination indicating that they were metabolized.
Label transported to the axis tissue was readily incorporated into the insoluble residue. In fact. after day 3, the label in the insoluble residue increased with germination until the eleventh and fifteenth day when there was a greater amount of label in the insoluble residue than the water soluble pool. The label in the residue then declined, suggesting that Hydrolysis of the insoluble residues from both the axis and cotyledons of aging seedlings showed that the bulk of the 14C was associated with arginine with minor activity occurring as glutamate. Traces of proline were found in the cotyledon insolutble residue. This is in agreement with the situation in In the cotyledons, a-ketoglutarate was an early recipient of 14C and after 1.5 hr was the principally lalbeled organic acid (table III) . In the axis tissue, however, malate was alwavs the principally labeled organic acid (table IV) . The label in malate and a-ketoglutarate increased up to 12 hr and then slowly declined. There was an increase in radioactivitv in arginine tup to 24 hr at which time the 14C in this fraction declined. Arginine-14C must have been metaibolized to G4CO2, as there was not a corresponding increase in the insoluble residue, other watersoluble components or lipid fractions in the axis tissue after 24 hr. The amount of radioactivitv in the amino acids other than arginine, sugars and lipids followed a pattern similar to that found in arginine-"4C. Only traces of ornithine were found. The radioactivity in the insoluble residue of the axis tissue remained relatively stable over the experiment.
Hydrolysis of the insoluble residue from 7 day old seedlings showed that over 99 % of the 14C was associated with arginine in both the cotyledon and the axis tissue.
Discussion
Previous workers have demonstrated that during germination there is an extensive mobilization of reserves from the cotyledons to the growing axis tissue. During germination of pumpkin seedlings considerable quantities of free arginine are found in the cotyledons (17) but the present results show that only 17 % of the 14C from arginine-14C was transported to the axis tissue in 6 hr (Fig. 1) . This decrease in translocation with age suggests that the bulk of the reserve is mobilized soon after germination. This is in agreement with results with germinating peas in which 20 % of the 14C from leucine-14C was tran-sported from the cotyledons to the axis tissue tinder similar conditions (1) .
The labeling patterns between the cotyledon and axis tissue of aging seedlings (tables I and II) suggest that the bulk of the "4C was transported as arginine. It appears that ornithine was not translocated from the cotyledons although it was present at all seedling ages. In castor bean, those protein amino acids which did not easily give rise to intermediates on the pathway of fat to sugar conversion were transported intact to the axis tissue (19) .
The increase in arginine-"4C and malate-14C in the cotyledons with age (tafble IV) and the decline in 14CO, (Fig. 1) suggests that as senescence approached more carbon was sequestered in pools not in ready equilibrium with degradative pathways. Lips and Beevers (12) have shown that corn roots contain at least 2 physically separated pools of malate. It is apparent that the metabolic activity of 25 day old seedlings was considerably less than that of 7 day old seedlings and Geronimo and Beevers (9) have shown that aging of pea leaves results in a decline in mitochondrial and glycolytic activity. Larson and Beevers (11) have demonstrated the incorporation of labeled amino acids into pea cotyledonary protein during germination. The cotyledons of pumpkin incorporated a high percentage of radioactivity into protein at early seedling ages (table I) but with increasing age less 14C occurred in protein and more remained as unmetabolized arginine-14C.
In the axis tissue (table II) , however, the percentage of radioactivity in protein remained relatively stable although the total 14C declined with age as less 14C was transported to this tissue. This further emphasizes the difference in metabolic function between these 2 organs.
The protein reserve of pumpkin contains 16 % arginine (4) ibut the time course studies with 7 dav old seedlings show that the bulk of the carbon from arginine was not transported to the axis tissue (Fig. 2) . Folkes and Yemm (8) have concluded that the major losses of glutamate, asparagine and proline in germinating barlev could be accounted for in chlorophyll, other amino acids and other bases. It is clear from Fig. 2 , however that most of the 1"C from arginine"14C is respired to 14CO, by pumpkin seedlings. Moreover, the decline in 14C in the axis tisstue after 24 hr, indicates that some of the 14C transported to the axis tisstue was released as 14CO". If additional radioactivity was transported to the axis tissue after 24 hr, this also must have been respired to 14CO,. Although Wiley and Ashton (22) concluded that the bulk of the protein hydrolyzed in pumpkin cotyledons during the first 7 days of germination was transported to the axial tissue, it is apparent that the carbon and nitrogen of the arginine molecule do not alwavs follow identical metabolic pathways. The nitrogen is transported and utilized in the axis tissues (22 ) but the carbon from arginine is metabolized principallv to COO. The nitrogen derived from the catabolism of arginine is probably tused in the synthesis of new amino acids and Sims and Folkes (15) have shown that the majoritv of amino acids are formed by transamination.
The labeling data from time course studies (tables TII and IV) show that arginine was extensively metabolized in both the cotyledons and axis tissues. Stewart and Beevers (19) have shown that although the bulk of the carbon in castor beans is transported from the endosperm as sugar and the nitrogen is transported as glutamine, arginine was transported intact. The small amount of label in sugars indicate that the intermediates of the citric acid cycle arising from arginine metabolism are not in ready equilibrium with those of the glyoxylate cycle. It has been shown that these 2 pathways are located on 2 different organelles (6) and although the glyoxylate cycle occurs in pumpkin cotyledons, the labeling data show that arginine is closer metabolically to the mitochondria than the glyoxysomes.
Arginine was rapidly converted to ornithine, and arginase, the enzyme involved is known to be present in the cotyledons (17) . Naylor i(13) has shown that ornithine is easily converted to glutamate. Upon
